Abstract Concrete is the main material used in most of structures in the world. The use of high strength and high performance concrete to overcome deterioration due to static and dynamic load and some environmental burden in different situation such as chloride attack, sulphate attack and etc, is increasing worldwide. Achieving to a concrete with a high quality and saving in amount of material used for producing the concrete need a proper mix design method taken into account. DOE method is considered as an effective and substantial method in implementing the concrete mix design. In this paper, specifications and all mix design calculation steps using DOE method in achieving a high strength and high performance concrete for a tall building in a coastal environment based on three concrete cubes specimens produced in the lab, are investigated. The 7 and 14 day compressive strength test were implemented on the concrete cubes. At the end, it concluded that the specified compressive strength (45 N/mm 2 ) can be achieved on the 28 th day based on DOE method.
Introduction
Nowadays, concrete is considered as one of the most highly used materials in the world. It was estimated the concrete industry produces annually about 12 billion tons of concrete and uses about 1.6 billion tons of Portland Cement (PC) throughout the world [1] .
Climate condition may have non-compensable impact on structure such as increasing the risk of deterioration. The adversarial effects of moisture on concrete structure have been anticipated such as: chloride-induced corrosion, carbonation-induced corrosion, sulfate attack, alkali aggregate reaction, and etc.
Chloride destroys the protective passive film that has been constituted on the surface of the reinforcement and it causes to the corrosion of reinforced concrete. Moisture content controls the durability and age of structure, and water is main physical and chemical causes that can deteriorate the concrete substantially [2] .
Besides the durability of concrete against the moisture of the beach environment, when the building is considered as a tall building, then the high strength concrete shall be taken into account. Concrete constitutions must be selected carefully for high strength concrete mixes, since weaker constitutions such as aggregate may not strong enough to tolerate against the imposed load on the concrete and lead to the structure failure. High Strength Concrete (HSC) is taken into account where reduced weight is important or where some architectural considerations are considered for small support elements. By increasing the total load capacity of building, HSC has also an effective role in decreasing the total volume of material used and the overall cost of the structure. The most common application of HSC is for construction of high-rise buildings.
The understanding of what level of compressive strength causes the high 'strength' concrete has been continually revised upwards over the past 20 years. High strength concrete has been defined by American Concrete Institute (ACI) as a concrete with compressive strength more than 41 MPA or 6000 PSI. In the UK this would include concrete with a characteristic compressive strength of 60 MPA or more. In Norway, it includes concrete with cube strengths up to 105 MPA [3] .
The American Concrete Institute (ACI) also defines high performance concrete as concrete meeting special combinations of performance that cannot always be achieved ordinarily when using conventional constituents and normal mixing, placing and curing practices. Concrete that needs to be durable except for a minimum strength must have other characteristics specified to ensure durability such as permeability, deicer scaling resistance, freeze-thaw resistance, abrasion resistance or any combination of these characteristics. Most high-performance concretes produced today contain additional industrial by-product to Portland cement to help to achieve the adequate compressive strength or durability performance. These materials include fly ash, silica fume and ground-granulated blast furnace slag (GGBS) and etc used separately or in combination.
All high-strength concrete is also considered as high-performance one but not all high-performance concrete is high-strength one.
Achieving to a high strength and high performance concrete is substantial for increasing the durability, workability and load bearing capacity of concrete. The matter of structure failure due to some climatic conditions such as humidity and also magnitude of structural load which may lead to the non-compensable result makes engineers to insist on a proper concrete mix design. . There are numerous methods available for concrete mix design. The main methods practiced all over the world are IS, USBR, ACI and DOE methods.
The purpose of this study is investigating the application of DOE concrete mix design method in achieving to a high strength and high performance concrete for a hypothetical tall building constructed near the beach.
DOE Method and Calculation Steps
DOE method as a kind of concrete mix design method was first established in 1975 and then modified in 1988. It can be applied to concrete for various purposes, depends on the objectives of the project. It can also be used for concrete including fly ash.
As mentioned before, the most common use of high strength concrete is for construction of high-rise buildings, so we decided to choose HSC. Due to the specifications of HSC (Concrete with more than 41 Mpa compressive strength based on ACI definition) and the principle that all high strength concrete is also high performance concrete, it seems the first pace was done properly. On the other hand, because of lack of SPRC cement in laboratory ,which is the best cement for using in the sulphate and alkali condition as the place of our project, we decided to use OPC+PFA to satisfy the workability of concrete against the weather and soil condition around and its compressive strength.
Those cited terms above led to a HSC with the characters of high performance concrete. Hence, we decided to follow the ACI definition of HSC and assign 45 Mpa at 28 days as the characteristic strength for the concrete. Five mix design calculation steps are shown as follows: DOE calculation steps for specified concrete including references, formulas and values 
where:P is specified proportion of PFA, W is the free water content obtained from stage 2 and C is cement content calculated by formula (1). So for producing 0.015 m 3 concrete in the laboratory, following amount of materials shown in After weighing all the materials precisely, it is the turn of mixing materials in a specific container and straightaway do the slump test. Pay attention to this important issue that the aggregate content must be weighted before and must be dry under the natural condition. Compaction before the slum test must be adequate (3 times in the cone and each time 25 hits). If there is a lack of compaction, the mix will not be in the proper liquidity condition and the slump will be less than usual, after proper and adequate compaction for each cube, cubes' slump reached to 35 mm and the only reason was due to the proper 
Conclusion
Concrete mix design intends to attain a concrete with high quality at site as economical as possible based on different situation. It takes some aspects such as better strength, better durability and workability, homogeneous concrete, economy in cement consumption an etc into account. In this paper in addition to determining the properness of high-strength and high-performance concrete for constructing a tall building in coastal environment, the application and all stages of DOE concrete mix design method for producing this type of concrete based on specified specifications were also investigated. Three concrete cube specimens based on specified compressive strength using DOE method were produced in the laboratory and then the 7 and 14 day compressive strength tests were implemented on them. Based on cube tests, the compressive strength of 26.5 N/mm 2 for 7 th day and 40.5 N/mm 2 for 14 th day were achieved. From the results, it can be estimated that the desired compressive strength of this study on 28 th day that is 45 N/mm 2 could be nearly achieved. So implementing all stages of concrete mix design accurately can be helpful not only in saving required concrete's components but also in achieving a workable, durable and high strength concrete with a high quality for various purposes.
